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Improved Biosensor 

The present invention relates to an improved membrane based 
5 biosensor and to methods of improving the stabihty of membrane based 
biosensors. 

Biosensors based on ion channels or ionophores contained within 
lipid membranes that are deposited onto conducting electrodes, where the 
ionophores are switched in the presence of analyte molecules have been 
10 described in International Patent Application Nos PCT/AU88/00273- 

PCT/AU89/00352: PCT/AU90/00025; and PCT/AU93/00509 (the disclosures of 
which are incorporated herein by way of reference). As these biosensors rely 
on changes in ion conduction through the membrane, usually mediated by 
an ionophore. it is important that there exists an ionic reservoir between the 
15 electrode and the lipid membrane. It is also important that the lipid 

membrane is at least in part linked to the reservoir and that the membrane is 
at least in part tethered to the conductive substrate. The stability of the 
substrate and the stability of the link between the reservoir and the substrate 
will influence the stability of the total membrane plus ionic reservoir system 
20 and thus the stability of the biosensor membrane. 

The present inventors have now found that the stability of the 
biosensor membrane can be improved by incorporating a passivating layer 
between the reservoir region and the conducting substrate. This passivating 
layer serves to increase the bonding between the reservoir forming linkers 
25 and the conductive substrate as well as serving to protect the conductive 
substrate surface from corrosive or electrochemical effects of the aqueous 
solution. This would improve the stability of the biosensor both during 
storage and during the actual measurement of the biosensor response on 
addition of analyte containing sample. A reduction in the drift of the 
30 biosensor response during analyte addition is also obtained. 

Generally, formation of the reservoir functionality onto conductive 
substrates is through binding of individual reservoir molecules with the 
substrate. The present inventors have determined that by introducing 
binding, passivating layer between the reservoir forming molecules and the 
electrode the stability of the whole membrane system is improved. There is 
also preferably binding between the molecules making up the passivating 
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layer. This binding may include van der Waal's forces, hydrogen bonding 
forces, ionic interactions or covalent linkage. Furthermore, if a thin, 
passivating layer is formed between the reservoir and the conductive surface 
such that water and ions are restricted from interacting with the conductive 
substrate then corrosive effects such as electrochemical degradation are 
minimised and the stability of the membrane is improved. This thin 
passivating layer may be eletrically insulating in nature. The ionic reservoir, 
in this case, has a reduced contact with the conductive substrate directly 
and information about the ion flux into or out of the ionic reservoir can be 
obtained by a variety of electronic transient pulse techniques commonly 
used to measure the charging and discharging of resistor/capacitor circuits. 

Additionally, by introducing this thin layer between the lomc 
reservoir and the conductive substrate, then the spacing and orientation of 
the ionic reservoir forming molecules is determined by the structure of the 
thin layer substance rather than by the surface crystal orientation of the 
xinderlying conductive substrate. 

Accordingly in a first aspect the present invention consists m a 
membrane based biosensor, the biosensor including an electrode, a 
passivating layer bound to the electrode, a lipid membrane incorporating 
ionophores. the conductivity of the membrane being dependent on the 
presence or absence of an analyte. an ionic reservoir between the membrane 
and the passivating layer, and spanning molecules spanmng the lomc 
reservoir the molecules being covalently attached at one end to the 
membrane and at the other to the passivating layer. 

In a preferred embodiment the biosensor includes a plurality 
molecules of following general structure: 



A-B-C-D 



30 in which: . , ... 

A is a hydrophobic group of between 2-50 methylene umts m length. 

B is a group which spans the ionic reservoir; 
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C is a group capable of hydrogen bonding, forming van der Waal's 
interactions, ionic bonding or coyalent bonding with other molecules 
contained within the passivating layer; and 

D is a group which binds to the conducting substrate. 

In a preferred embodiment A is a hydrocarbon group of between 2-50 
methylene units long, a phytanyl group, an unsaturated hydrocarbon of 
between 2-50 methylene groups long, a membrane spanning lipid, an 
archaebacterial lipid, a lipid hydrocarbon group, or a gramicidin derivative. 
It is presenUy preferred that A is a hydrocarbon group or an unsaturated 
hydrocarbon group of between 8-26 methylene units long or a gramicidin 
derivative. 

In another preferred embodiment B is an oligoethylene glycol of 
between 4 to 20 ethylene glycol units long. Alteratively B may be repeating 
subunits of oligoethylene glycol of between 2 and 6 ethylene glycol units, 
the subunits being linked together via ester, amide or other Hnkages. It is 
highly preferred that in this arrangement that the linkages do not promote 
hydrogen bonding between the groups spanning the reservoir. In this regard 
it is preferred that the linkages are tertiary amides. As will be appreciated it 
is also highly preferred that linkages resistant to hydolysis such as tertiary 
ainides are used. 

In a further preferred embodiment group C of the above embodiment 
includes a secondary amide capable of hydrogen bonding with other amides; 
a hydrocarbon group capable of forming van der Waals interactions with 
other hydrocarbon groups, or a polymerisable group. 

In a still further preferred embodiment D is a thiol, disulfide, sulfide, 
phosphine. silsme or carboxylate. 

It is further preferred that the group C in the above embodiment 
consists in a saturated hydrocarbon group of between 2 to 50 methylene 
units long, more preferably 8 to 30 methylene units long. 

In a preferred embodiment the biosensor includes a pluraUty 
molecules of following general structure: 
C-D 

35 in which C and D are as defined above. 
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As will be recognised in the biosensor of the present invention group 
A will be within and form part of the membrane, group B will span the lomc 
iTrvoir and groups C and D will be within and form part of the passivatxng 

5 In a preferred embodiment the biosensor has a structure as shown in 

^'^"^^ \n a further preferred embodiment the passivating layer has reduced 
permeabUity towards water and towards ions thus protecting the surface of 
L conductive substrate from destabilising effects due to water or ions. 
10 In a preferred embodiment the biosensor includes a plurality 

molecules of following general structure: 



A-B-C-D 



A is a hydrophobic group such as a hydrocarbon group of between 
2-50 methylene units long, a phytanyl group, an unsaturated 
hydrocarbon of between 2-50 methylene groups long, a membrane 
spanning lipid or archaebacterial lipid analog, a lipid hydrocarbon 
20 group, or a gramicidin derivative; 

B is a group which spans the ionic reservoir; 

C is a group that inhibits the permeation of water or ions to the 
25 conductive surface; and 

D is a group capable of being attached to a conducting substrate such 
a a thiol, disulfide, sulfide, phosphine. silane. carboxylate or other 
group known to form strong interactions with surfaces. 

In a preferred embodiment A is a hydrocarbon group or an 
unsaturated hydrocarbon group of between 8-26 methylene units long. 

In another preferred embodiment B is an oligoethylene glycol of 
between 4 to 20 ethylene glycol units long. Alteratively B may be repeatmg 
subunits of oligoethylene glycol of between 2 and 6 ethylene glycol umts. 
the subunits being linked together via ester, amide or other linkages. It is 
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highly preferred that in this arrangement that the linkages do not promote 
hydrogen bonding between the groups spanning the reservoir. In this regard 
It IS preferred that the linkages are tertiary amides. As will be appreciated it 
IS also highly preferred that linkages resistant to hydolysis such as tertiary 
5 eumdes are used. 

In a further preferred embodiment group C includes a hydrocarbon 
group capable of foiming van der Waals interactions with other hydrocarbon 
groups. The hydrocarbon group may contain a polymerisable group. 
Additionally the group may be functionalised at the distal end to the group D 
10 m order to modulate the function of the ion reservoir. 

It is further preferred that the group C in the above embodiment 
comprises a saturated hydrocarbon group of between 2 to 50 methylene units 
long, more preferably between 8 to 30 methylene units long. 

In a preferred embodiment the biosensor includes a plurality 
15 molecules of following general structure: 
C-D 

in which C and D are as defined above. 

In a yet another preferred embodiment the passivating layer is 
strongly bound to the conductive substrate and the functionality that make 
20 up the ionic reservoir. 

Additionally it is preferred that the group C may be functionalised at 
the distal end to the group D. This modification may include the 
incorporation of hydrophilic or hydrophobic groups, amides, alcohols, acids, 
amines, acrylamide or acrylate or other polymerisable groups that may be 
used to further stabilise the passivating layer and may be used to modulate 
the ion reservoir function. 
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It is further preferred to use molecules such as those shown below 
and in figures 2 and 3. 
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where; n = 8 to 16 

m = 1 to 10 
p = 1 to 10 

k = 0tol0 u , .V 1 

R. Ri, R2, R3. R4 = independently H. methyl, ethyl 

L = hydrocarbon such as a phytanyl chain, or other hpidic 

hydrocarbon 

P = a thiol, disulfide, sulfide, or other group for attaching to 
metal surfaces such as gold, platinum, palladium, silver etc; or 
a silane or alkoxy silane or chloro silane for attaching to silica 
or metal oxide or other conductive surface as is known to those 
skilled in the art. 

In a second aspect the present invention consists in a biosensor of 
any aspects one or two wherein the flux of ions mediated by an ionophore 
through the membrane into the ionic reservoir is measured by transient 
electrical pulse techniques. 

In order that the nature of the present invention may now be more 
clearly understood preferred forms thereof will now be described with 
reference to following non-limiting examples and Figures, in which: 

Figure 1 is a schematic representation of part of the biosensor of the 

present invention; 

Figures 2 and 3 show structures of preferred compounds used in the 

present invention; 

Figure 4 shows the structure of DLP; 

Figvire 5 shows the stiructures of DLP-Cll and DLP-CI8: 



BECnFIED SHEET (Rwle 91) 
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Figure 6 shows the structures of MSLOH and MSL-4XB; 
Figure 7 shows the structure of gramicidin (gA); 
Figure 8 shows the structure of gA-YY; and 
Figure 9 shows the structure of gA-5XB 

5 

MATERIALS AND METHODS 



ABBREVIATIONS 



DLP 
PC hpid 
mixture 

DLP-Cll 

DLP-C16 

BnDS 

MSLOH 

MAAD 

MSL-4XB 

gA 

gA-YY 

DPEPC 

GDPE 

gA-5XB 

DCC 

DMAP 
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'Double length' phytanol, see Figure 4 
A mixture of 1.2-di(3RS.7R,llR-phytanyI)-glycero-3- 
phosphocholine and l,2-di(3RS,7R.llR-phytanyl)glycerol in 
a 7:3 ratio 

'Double length' phytanol, attached to Cll foot, see Figure 5 
'Double length' phytanol, attached to C16 foot, see Figure 5 
Benzyl disulfide 

'Membrane spanning lipid', see Figure 6 
Mercaptoacetic acid disulfide 

Biotinylated membrane spanning lipid, see Figure 6 

Gramicidin, see Figure 7 

Tethered gramicidin, see Figure 8 

l,2-di(3RS. 7R, llR-phytanyl)-giycero-3-phosphocholine 

l,2-di(3RS, 7R,1 lR-phytanyl)glycerol 

Biotinylated gramicidin, see Figure 9 

Dicyclohexylcarbodiimide 

Dimethylaminopjmdine 



ll-Mercaptoundecanoic acid (G) 

11-Bromoundecanoic acid (20.0 g. 0.075 mol) and thiourea (6.3 g, 1.1 equiv.) 

15 were refluxed in ethanol (250 mL) overnight. Sodium hydroxide (6.3 g) in 
water (20 mL) was added and the mixture was further refluxed for 2 hr. The 
solution was cooled and acidified with IN HCl. Ethanol was evaporated 
under reduced pressure and the aqueous residue was extracted with CI^Clz. 
The combined organic extracts were dried (MgS04) and evaporated to give 

JO white powder. Yield: 15.0 g (91%) 

'H5(CDCl3) : 1.32 (m, 13H), 1.62 (m. 4H), 2.35 (t, 2H), 2.52 (m, 2H). 
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Undecanoic acid disulphide (D) 



ll-Mercaptoiindecanoic acid (G) (3.0 g, 13.7 nunol] and triethylamine (4 mL, 
2.1 equiv.) were dissolved in CH2Cl2/CH30H(l:l) mixture (20 mL) and 
5 cooled. A solution of iodine in methanol was added until excess Ij was 
present. The solvent was evaporated under reduced pressiue and the 
residue was dissolved in CH2CI2. The solution was acidified using 3N HCl 
and little methanol was added to dissolve insoluble solid. The organic phase 
was separated, dried (MgS04) and evaporated to yield a solid residue. The 
10 product was recrystallised once each from acetone and toluene. Yield: 1.2 g 
(40%) 

^H5(CDCl3) : 1.26 (br. 24H), 1.62 (br. 8H), 2.37 (t, 4H), 2.65 (m, 4H). 



11-Mercaptoundecanol (H) 

15 

11-Mercaptoundecanoic acid (G) (1.0 g, 4.6 mmol) was dissolved in dry THF 
(20 mL) and borane dimethyl sulphide (3 mL, 1.1 equiv.) was slowly added 
under N2 atmosphere. The mixture was stirred at room temperature for 4 hr. 
Water was added to the solution was extracted using ethyl acetate. The 
20 organic extract was washed with IN HCl, water and saturated sodiimi 

bicarbonate solution successively. After drying (MgS04), the solvent was 
evaporated to give a clear oil. The crude oil was purified by column 
chromatography [eluant: hexane/ethyl acetate (8:2)]. Yield: 0.45 g (48%) 
^H5(CDCl3) : 1.28 (br, 18H), 1.58 (br, 4H), 2.52 (q, 2H), 3.65 (q, 2H). 

25 

Undecanol disulphide (E) 



11-undecanoic acid disulphide (D) (0.5 g, 4.6 mmol) was dissolved in dry 
THF (20 mL) and borane dimethyl sulphide (3 mL, 1.1 equiv.) was slowly 

30 added under N2 atmosphere. The mixture was stirred at room temperature 
for 5 hr. Water was added to the solution was extracted using ethyl acetate. 
The organic extract was washed with IN HCl, water and saturated sodium 
bicarbonate solution successively. After drying (MgSOJ. the solvent was 
evaporated to give a white powder. Yield: 0.15 g (32%) 

35 ^H SCCDCy : 1,28 (br, 28H), 1.58 (br, 8H), 2.68 (t, 4H), 3.63 (t, 4H). 



\ 
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Compound (J) 

Undecanoic acid disulphide (D) (0.43. 1.0 mmol) and succinic anhydride 
(0.23 g, 2.0 mmol) were dissolved in CH2CI2 (30 mL). DMAP (20 mg, 0.1 
5 equiv.j and DCC (0.41. 2.0 mmol) were added and the mixture was heated at 
50 °C for 1 hr. The mixture was filtered and the filtrated was added with 
ethanolamine (1.5 equiv.). After stirring for further 2 hi-, insoluble powder 
was collected and was purified by column chromatography [eluant: 
methanol/dichloromethane (1:9)]. Yield: 0.18 g (35%) 
10 5(CDCl3) : 1.38 (br. 24H). 1.68 (br. 8H). 2.22 (t. 4H). 2.71 (t. 4H). 3.31 (t. 
4H). 3.62 (t. 4H). 

63 mg (0.12 mmol) of the purified disulphide was dissolved in a 
ethanoVwater mixture (20:3) (23mL). Triphenylphosphine (47 mg. 1.5 
15 equiv.) was added and the mixture was stirred at room temperature 

overnight. The solvent was evaporated under reduced pressure and the solid 
residue was purified by column chromatography [eluant: methanol/CI^Glz 
(8:92)]. Yield: 10 mg (16%) 

'H5(CDCl3) : 1.35 (br. 12H). 1.62 (br. 4H). 2.22 (t. 2H). 2.52 (t. 2H). 3.32 (t 
20 2H). 3.62 (t. 2H). 

Phytanol (1) 

Phytol (5.0 g, 16.7 mmol) was stirred in ethanol (50 mL) in the presence of 
Raney nickel (1.0 g, 50% slurry in water) overnight under atmosphere. 
The catalyst was filtered off and the solvent evaporated to give a clear oil. 
Yield: 4.9 g (97%) 

^H5(CDCl3) : 0.87 (m. 15H). 1.25 (br. 24H), 3.70 (br, 2H). 
30 Phytanyi succinate (2) 

Phytanol (1) (5.0 g. 16.7 mmol) and succinic anhydride (2.5 g. 1.5 equiv.) 
were dissolved in pyridine (20 mL) and stirred at room temperature 
overnight. Pyridine was removed under reduced pressure and 0.5N HCl (100 
35 mL) was added. The aqueous solution was extracted with CH2CI2. The 

combined organic extracts were dried (iMgSOJ and evaporated to give an oil. 
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The crude product was purified by column chromatography [eluant: ethyl 
acetate/hexane (15:85)]. Yield: 5.5 g (82%) 

^H6(CDCl3) : 0.87 (m. 15H). 1.25 (br. 24H). 2.65 (m. 4H). 4.18 (t, 2H). 

5 Compound (3) 

Phytanyl succinate (2) (4.2 g. 0.01 mol). tetraethylene glycol (10.2 g. 5 
equiv.) and 4-dimethylaminopyndine(DMAP) (0.13 g. 0.1 equiv.) were 
dissolved in CH,C1. (50 mL). i.3.Dicyclohexylcarbodiimide(DCC) (4.35 g. 2 
10 equiv.) was added and the mixture was stirred at room temperature 

overnight. The solvent was evaporated and the residue was punfied by 
column chromatography [eluant: ethyl acetate/hexane (6:4)]. Yield: 2.6 g 

^4'I{LdC13) : 0.85 (m. 15H). 1.25 (br. 24H). 2.65 (t. 4H). 3.67 (m. 14H). 4.12 
15 (t. 2H). 4.27 (t, 2H). 

Compound (4) 

Compound (3) (1.42 g. 2.5 mmol) and succinic anhydride (0.37 g. 1.5 equiv.) 
20 were dissolved in pyridine (20 mL) and stirred at room '^^^^^'"^1 

overnight. Pyridine was removed under reduced pressure and IN HC (50 
mL) was added. The aqueous solution was extracted with ethyl acetate. The 
combined organic extracts were dried (MgSO,) and evaporated to give an oil 
The crude oil was purified by column chromatography [eluant: ethyl 
25 acetate/hexane (7:3)]. Yield: 1.4 g (84%) ^ 

5(CDCl3) : 0.87 (m. 15H). 1.25 (br. 24H). 2.65 (m. 8H). 3.67 (m. 12H). 4.12 

(t, 2H). 4.27 (t, 4H). 



Compound (5) 



30 



35 



Compound (4) (1.4 g. 2.0 mmol) and tetraethylene glycol (2.0 g. 5 ^quiv ) 
were dissolved in CH,C1, (30 mL). DMAP (30 mg. 0.1 equiv.) and DCC (0.9 
g 2 equiv.) were added and the mixture was stirred at room temperature 
overnight. The solution was filtered and then reduced under pressure. 
Water was added to the residue and extracted with CI^Cl,. The combined 
organic extracts were dried (MgSOJ and evaporated to yield an oil. The 
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crude oil was purified by column chromatography [eluant: 
methanol/dichloromethane (3:97)]. Yield: 1,1 g (62%) 

'H5(CDCl3) : 0.87 (m, 15H). 1.25 (br, 24H). 2.62 (m, 8H). 3.65 (m. 26H). 4.12 
(t. 2H). 4.26 (m, 6H). 

5 

Compound (B) 

Compound (5) (0.91 g, i.i mmol) and undecanoic acid disulphide (D) (0.23 
g, 0.53 mmol) were dissolved in CH^Clz (30 mL). DMAP (13 mg, 0.1 equiv.) 
10 and DCC (0.24 g, l.l equiv.) were added and the mixture was stirred at room 
temperature overnight The solution was filtered and then reduced under 
pressme. The crude oil was purified by column chromatography [eluant: 
hexane/ethyl acetate (1:9)]. Yield: 0.25 g (18%) 

'H5(CDCl3) : 0.87 (m. 15H). 1.25 (br. 56H), 2.28 (t. 2H), 2.32 (t, 2H). 2.65 (m. 
15 8H). 2.68 (t. 4H). 3.65 (m. 24H). 4.10 (m, 2H), 4.23 (m. 8H). 

Compound (A) 



Further elution (hexane/ethyl acetate (1:9)] from the column of (B) gave 
20 symmetrical disulphide (A) as the second product. Yield: 0.42 g (26%) 

'H 5(CDCl3) : 0.87 (m. 30H). 1.25 (br, 80H), 2.32 (t. 4H). 2.65 (m. 16H). 2.68 
(t 4H), 3.65 (m, 48H). 4.11 (t, 4H), 4.25 (m. 16H). 



Compound (C) 

Compound (A) (0.1 g. 0.048 mmol) was dissolved in ethanol/water mixture 
(20:3) (23mL). Triphenyl phosphine (0.03 g, 2.9 equiv.) was added and the 
mixture was stirred at room temperature for 3 days. The solvent was 
evaporated under reduced pressure and the residue was taken up in CI^Clz. 
The organic solution was dried (MgSO^) and evaporated. The crude product 
was purified by column chromatography [eluant: hexane/ethyl acetate (1:9)]. 
Yield: 49 mg (49%) 

'H 5(CDCl3) : 0.87 (m. 15H). 1.25 (br. 24H). 2.32 (t. 2H). 2.52 (m, 2H), 2.68 (t. 
8H), 3.65 (m, 24H). 4.12 (t. 2H), 4.25 (ra, 8H). 
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16*Iodohexadecanoic acid (6) 

16-Hexadecanolide (5.0 g, 0.02 mol) was added to a mixture of HI (30 g) and 
acetic acid (20 g). The mixture was heated to 100 °C overnight. After 
5 cooling it was poured into a cold sodium thiosulphate solution (150 mL, 

10%) and extracted using CH2CI2. The combined organic extracts were dried 
(MgS04) and evaporated to give a white solid. The crude product was 
recrystallised from diethyl ether. Yield: 4,8 g (64%) 

'H5(CDCl3) : 1.28 (br. 22H), 1.65 (br. 2H). 1.85 (m, 2H), 2.35 (t. 2H), 3.18 (t. 
10 2H). 

16-Mercaptohexadecanoic acid (N) 

A mixture of 16-iodohexadecanoic acid (6) (4.0 g. 10.4 mmol) and thiourea 
15 (0.88 g, 1.1 equiv.) in ethanol (100 mL) was refluxed overnight under Nj 
atmosphere. The solution was cooled to room temperat\ire, Sodiimi 
hydroxide (1.0 g in 10 mL of water) wad added and the mixture was fm-ther 
heated for 2 hr. After cooling to room temperature IN HCl was added and 
the product was extracted using CI^iClz. The organic extract was dried and 
20 evaporated to give a white solid. Yield: 2.1 g (69%) 

*H 5(CDCl3) : 1.28 (br. 22H). 1.62 (br. 4H). 2.35 (t. 2H), 2.50 (t. 2H). 

Hexadecanoic acid disulphide (M) 

25 Method 1. 16-Mercaptohexadecanoic acid (N) (1.5 g, 5.2 mmol) and 

triethylamine (1.5 mL, 2.1 equiv.) were dissolved in CH2Cl2/CH30H(l:l) 
mixture (20 mL) and cooled. A solution of methanol and iodine was added 
vintil excess Ij was present The solvent was evaporated imder reduced 
pressure and the residue was dissolved in Cl^jCla. The solution was 

30 acidified using 3N HCl and little methanol was added to dissolve insoluble 
solid. The organic phase was separated, dried (MgS04) and evaporated to 
yield a solid residue. The product was recrystallised from acetone. Yield: 
0.32 g (21%) 

35 Method 3. A mixture of 16-iodohexadecanoic acid (6) (4.0 g, 10.4 mmol) and 
thiourea (0.88 g, 1.1 equiv.) in ethanol (100 mL) was refluxed overnight at 
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room atmosphere. The solution was cooled to room temperature. Sodium 
hydroxide (1.0 g in 10 mL of water) wad added and the mixture was further 
heated for 2 hr. After cooling to room temperature IN HCl was added and 
the insoluble product was collected by filtration. Yield: 2.2 g (73%) 

'H6(CDCl3) : 1.28 (br, 4411). 1.62 (br. 8H). 2.36 (t. 4H). 2.68 (t. 4H). 
Compound (L) (Figure 3) 

Compound (5) (0.20 g. 0.23 mmol) and hexadecanoic acid disulphide (M) 
(0.12 g. 0.21 mmol) were dissolved in CH^Cl^ (20 mL). DMAP (5 mg. 0.1 
equiv.) and DCC (53 mg, 1.1 equiv.) were added and the mixture was stirred 
at room temperature for 48 hr. The solution was filtered and then reduced 
under pressure. The crude oil was purified by column chromatography 
[eluant: hexane/ethyl acetate (15:85)]. Yield: 31 mg (10%) 
^H5(CDC1,) : 0.85 (m, 15H). 1.22 (br, 76H). 2.32 (t, 4H). 2.65 (m, 8H). 2.70 (t 
4H), 3.65 (m. 24H), 4.12 (m, 2H). 4.25 (m. 8H). 

Compound (K) 

Further elution [hexane/ethyl acetate (1:9)] from the column of (L) gave 
symmetrical disulphide (K) as the second product. Yield: 0.42 g (26%) 

16-Mercaptohexadecanol (O) 

16-mercaptohexadecanoic acid (N) (0.2 g, 0.7 mmol) was dissolved in dry 
TE3F (20 mL) and borane dimethyl sulphide (l mL, 1.1 equiv.) was slowly 
added under 1^ atmosphere. The mixture was stiired at room temperature 
for 4 hr. Water was added to the solution was extracted using ethyl acetate. 
The organic extract was washed with IN HCl. water and saturated sodium 
bicarbonate solution successively. After drying (MgSOJ. the solvent was 
evaporated to give a white powder. Yield: 87 mg (46%) 
'H 6(CDCl3) : 1.28 (br. 24H), 1.58 (br. 8H). 2.52 (q, 2H). 3.63 (t. 2H). 
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Diphenylmethanol/ CF 3CO2H 



Ph 



PK 



.OH 



DCC/DMAP 





DCC/DMAP 



O Me 




Me O 

O Me 



Me o 



Me O 



5 1 i-fDiphenylmethvlthio'l-undec anQic Acid 

A solution of il-mercaptoundecanoic acid (300 mg, 1.3nimol) and 
diphenylmethanol (255 mg, 1.3 mmol) in trifluoroacetic acid was stirred at 
RT, under nitrogen for 30 min. Trifluoroacetic acid was evaporated under 
high vacuum, the residue dissolved in ether (20 ml), washed with water (3X 

10 20 ml), dried and evaporated. The residue was purified by chromatography 
(light pet. - ethyl acetate, 80: 20- 50:50) on silica to give the desired product 
(220 mg. 42%). m.p. (Found C. 74.55; H, 8.77. C24H34O2S requires C. 74.96; 

H, 8.39) ms (EI) 384. 

nnu- (CDCl3)1.22-1.29 (m. 12H. GHz). 1.58 (m, 4H, CH^). 2.34 (t, 2H, CHj- 
15 CO2H), 2.37 (t, 2H. CHrS). 5.13 (s. IH. CH-Ph), 7.20-7.44 (m,10H. aromatic 
H). 
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fN-MethYl-N'.methv1-3 6.9-triQxa-in- diaminonnHp^.r,o).ii. 
fdiphenvlmethY lthiol-midecanamide 

To a solution of diphenylundecanoic amine (700 mg, 1.82mmol) and 
bisdimethylamino-tetraethyleneglycol diamine (2.0g. 9.1mmol) in 
dichloromethane (7 ml), DCC (565 mg, 2.74mmol) and DMAP (75 mg. 
0.62mmol) dissolved in dichloromethane (3 ml) was added. The mixture 
stirred at RT under nitrogen for 48h. The solvent evaporated and the residue 
was purified by chromatography (dichloromethane: MeOH 90: 10 to remove 
urea salt and dichloromethane: MeOH: NH, 80: 20: 2) to give the product 
(390 mg. 3796) as a colourless hquid. (Found C. H. N CaaHsaN^O.S requires 
C. 69.58; H. 9.27; N, 4.77) ms (EI) 587. 

nmr (CDCl3)1.22 (m. 12H. CH,). 1.58 (m. 4H. CH^). 2.38 (t. 2H. CH^- 
CO3H), 2.49 (t. 2H. CH,-S). 2.50 (s. 3H, NCH3-CH3). 2.83 (t. 2H. CH3-NCH3). 
2.93 ((s) 3.04 (s). 3H. NCH3-CO). 3.54-3.64 (m. 14H. CH3-O). 5.13 (s, IH. CH- 
15 Ph), 7.20-7,43 (m.lOH. aromatic H). 

ffN-Methyl-N'.methvl-3.6.9-triQxa.i.ii-diaminoundpr;.n.)-ii. 
fdiphenylmethylthinl-undecanamide f N-methvl->J'-mPthvl.3.6.9-tTinv;,-i , 11- 
diaminoundecanel succinamiH el hemisurninami-H» 

To a solution of (N-methyl-N'-methyl-3.6.9-trioxa-l.ll.diaminoundecane). 
ll-(diphenylmethylthio)-undecanamide (200 mg. 0.34mmol) and bis.(N- 
methyl-N'-methyl-3,6,9-trioxa-l.ll-diaminoundecane) hemisuccinamide 
(572 mg. 1.36mmol) in dichloromethane (10 ml), DCC (110 mg. 0.53nimol) 
and DMAP (13 mg. O.lOmmol) dissolved in dichloromethane (4 ml) was 
added. The mixture stirred at RT under nitrogen for 24h. The white ppt. Of 
the urea was filtered and washed with dichloromethane. More 
dichloromethane (50 ml) was added and washed with water (2X30 ml), brine 
(30 ml), dried and evaporated. The residue was then purified by hplc(4o^ 
MeOH. 0.5% acetic acid in dichloromethane) on a semi prep column with 
retention time (29 min) to give the product (160 mg.47%) a colourless liquid. 
(Found C, H. N C,2H,,N,0,,S requires C,; H.; N.) ras (ESI) 989 and M-HNa 
1012. 

^Hnmr (CDCI3) ) 1.25 (m, 12H. CH,), 1.57 (m, 4H, CH3). 2.33 (m, 2H. CH,- 
CO2H), 2.37 (m, 2H, CH2-S), 2.61-2-67 (m. 8H, CO-CH^-CH^-CO), 2 95 
2.97.3.06. 3.09. 3.11 ((s) 15H. NCH3-CO). 3.55-3.61 (m. 32H, CH,-0). 5.14 (s 
1H.CH-Ph), 7.16-7.41 (m,10H. aromatic H). 
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DCC/DMAP 



O Me 







CFjCO-.H/Phenol 



Me 



Phytyl 



O Me 
Me o 



O Me 
Me o 



f ((M-\/fpthvl-N'-methvl-3.6.9-triox a-l.ll-dianijnoundecaiiel-ll- 
^^^y^>,»n ylm»thvUhiol-un H.r;,namide fN-methvl-N'-methy1-3,B,9-trioxa-l,ll- 
^,-.,T.inni,nriP.cane^ su crinamidel N-tn ethvlphytanamine) succinamide 
10 To a solution of (N-methyl-N'-methyl-3.6,9-trioxa-l.ll-diaminoundecane)- 
ll-(diphenylmethylthio)-undecanamide (100 mg. 0.17mmol) and (N- 
methylphytanamine(N-methyl-N'-methyl-3,6,9-trioxa-l,ll- 
diaminoundecane) succinamide) hemisuccinamide (160 mg. 0.22mmol) in 
dichloromethane (10 ml). DCC (52 mg. 0.25mmol) and DMAP (6 mg. 
15 0.05mmal) dissolved in dichloromethane (3 mi) was added. The mixture 

stirred at RT under nitrogen for 24h. The solvent evaporated and the residue 
was purified by chromatography (DCM: MeOH 95: 5) to give the product 
(180 mg. 83%) as a colourless liquid. (Found C. H. N C^aHtzyNsOiiS requires 
C; H,; N,) ms (ESI) 1282 and M+Na 1305. 
20 nmr (CDCI3) ).82-1.25 (m. 55H, CH2). 1.59 (m. 4H, CHj). 2.33 (t. 2H, 

CHrCO^H). 2.37 (t, 2H. CH^-S). 2.65-2-68 (m, 8H. CO-CH2-CH2-CO). 2.89. 
2.95. 2.99, 3.04. 3.09 ((s) 15H. NCH3-CO). 3.54-3.64 (m. 34H, CH^-O), 5.13 (s. 
IH. CH-Ph), 7.20-7.43 (m.lOH. aromatic H). 
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ff fN-MethYl-N'-methvl-3,fi 9-trioxa-l.l l-Hi;. m inQundpr;in»].i i. 
thioundecanamide fN-methyl-N'-methvl-TR Q.^w..^ .l.X,,rfi,^,.„„„„H.n.»o^ 
succinanudel N-meth viphvtanami ne) sucrinamiVIo 

A solution of (((N-methyi-N--methyl-3.6.9-trioxa-l.ll-diaminoundecane)-ll- 
(diphenylmethylthio)-undecanainide(N-methyl-N'-methyl-3.6.9-trioxa-l 11- 
diaminoundecane) succinamide) N-methylphytanamine) succinamide (100 
mg. 0.78mmol) and phenol (144 mg) in trifluoroacetic acid (l ml), was 
stirred at RT under nitrogen. After 6h (the hplc indicated the disappearance 
of the starting material) the trifluoroacetic acid was removed under high 
vacuum and the residue was purified by hplc (dichlororaethane: methanol 
93:7) to give a single peak of the product (39 mg. 45%) a colourless liquid. 
(Found C. H, N CooH.^NsO^S requires C,; H.j N.) ms (CI) 1117 (M+1) 

nmr (CDCI3) 82-1.25 (m. 55H, CH^), 1.59 (m. 4H. CHJ, 2.35 (m, 2H. 
CH3-CO3H). 2.60 (m. 2H. CH2-S). 2.65-2-68 (m. 8H, CO-CH3-CH3-CO), 2.89 
2.95. 2.99. 3.04. 3.09 ((s) 15H, NCH3-CO). 3.54-3.64 (m. 34H. CH^-O). 





Me o 




Me o 
O Me 



Me " ^ 



20 



^ Me O 

O Me 



Me o 
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( rfM.MPthv\-N'-i n pthvl-a.6.9-trioya-1 1 l-diaminotindecanel-ll- 

^,-,^^nnnndBcan^ ) .,,rnin.midel gramiridin-lysine) .succinamide 
To a solution of ((N-methyl-N'-methyl-3.6.9-trioxa-l.ll-diaminoundecane)- 
5 ii-(diphenylmethylthio).undecanamide(N-methyl-N'-methyl-3.6.9-tnoxa. 
1 ii-diaminoundecane) succinamide) hemisuccinamide (40 mg. O-O^mmol) 
and gramicidin lysine (30 mg. 0.02nimol) in dichloromethane (3 ml). DCC 
(10.5 mg. O.OSmmol) and DMAP (6 mg, 0.05nimol) dissolved m 
dichloromethane (1 ml) was added. Pyridine (0.5 ml) was added to dissolve 
10 the suspension. The mixture stirred at RT under nitrogen for 72h. The 

solvent evaporated and the residue purified by reverse phase hplc gradients 
(A- water B: methanol 50 to 70 to 100 over 60 min) to give the product (8 
mg.17%) as fraction 4 with retention time 52 min as white precipitate, ms 
(ESI) M+Na 2961. 

15 

f ffM.M^thvl-N'-n ^>-th yl-'^-B-9-trioxa-1,11-diaminnuTidecane)-ll-thio- 

,inH -^-^^ fM-n.Pthvl-N'-m Pthv1 - 3 , 6.9-tri oxa-l 11-d1 aminoundecane) 

cirrinamidel cramicidin-lvsinB) succinamide 

20 A solution of diphenyl undecanoicTEG-Succ-TEG-Succ-gALys (9 mg. 

0.003mmol) and phenol (60 mg) in trifluoroacetic acid (0.4 ml), was stirred 
at RT under nitrogen. After 3h (the hplc indicated the disappearance of the 
starting material) the trifluoroacetic acid was removed under high vacuum 
and the residue was purified by hplc (gradients (A: water B: methanol 50 to 

25 70 to 100 over 30 min) to give the product (1.4 mg. 18%) with retention time 
27.53 min as white precipitate, ms (ESI) M+Na 2795. 
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iThT C„-d,mesylate (750mg. O.Smmol) v«s added to anhydreu. 

allowed .0 warm to room temperature and was gently stfaL for 48 h llT 

""^""^'^"^"^ ~d -d *e residue 1. stirred wil LI^ 
anhydrous potassium carbonate ,n dichloromethane for 3h. T^miX 
Wtered tt^ugh baHum carbonate and the solvent removed to^^ 
waxy sol d. Chromatography on silica gel wiU> i% ammonia and 4% 

. d"::iTirr:rerr r-c" d^ — ~ - 

waxy solid C3a-diainme (423mg. 62%) as a white 

CH,OAr), 6.95 and 7.46 (8H, AA^BB-. biphe^l "/ 68^5 ^ J"i • 
• 1374.3). 00/.3 iM ) (^X requires 
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Example 1 Bilayer: comparison of bottom layer 

A freshly prepared evaporated gold thin film (lOOOA) on «lass with 
chron.um under-layer (50 A) was clamped in a containment vessel 
v3 r oioom,o.., DLP a mM was addi in^the 

Th dt^thTt^r/'?^'' f ^"^^ 

^shed with ethanol and dried using nitrogen gas. Five microhtres of PC 

0 im !. ^ ""^'"^ ^^^^ with 0.5 mL of 

--^^ - — - after 0..M 

With chrrn°r ^--^ - 

■ ,.. ™' "'"^<='™Pe<i ma containment vessel 

Ten macrol.tres of ethanol solution of compound B 1 mMwas added nto the 
vesse thus covering the goM elect^de. Af^rone hour theTec^l 

Td IT T' ""'"^ «™ of 

the electrode. The electrode was rinsed then three times with 0.5 mL of 
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O.IM saline solution. Impedance spectra were obtained before and after O.lM 

potassium challenge. 

Yet another freshly prepared evaporated gold thin film (lOOOA) on 
glass with chromium under-layer (50 A) was clamped in a containment 
vessel Ten microlitres of ethanol solution of compound L 1 mM was added 
into the vessel thus covering the gold electrode. After one hour the electrode 
was washed with ethanol and dried using nitrogen gas. Five microhtres of 
PC lipid mixture in ethanol with ionophore valynomicin (200:l)was added to 
the electrode. The electrode was rinsed then three times with 0.5 mL of O.IM 
saline solution. Impedance spectra were obtained before and after O.lM 
potassium challenge. 

Impedance at IkHz. 1 Hz, phase shift minimum and frequency at 
phase shift minimum for DLP. DLP-Cll and DLP-C16 based bilayei-s: after 
KCl challenge are shown in the Table below. 





|zl, 

kOhm 


|Z|. 

kOhm 


min psi 


min firequency 




IkHz 


iHz 


de 


g 


Hz 


DLP 


1.86 


3.5% 


158 


12% 


39 


4% 


10-20 


DLP-Cll 


1.94 


4% 


338 


7% 


50 


3% 


10 


DLP-C16 


2.34 


4% 


497 


22 % 


57 


6% 


10 



Impedances at 1 kHz and 1 Hz and phase shift minimum increase 
20 when the monolayer thickness increases from BnDS to Cll to C16 

molecules. The frequency minimum on the other hand is only weakly 
affected by the change. 
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Example 2 Stability: monolayers 



10 



15 



2.1 Stability of Cll and Cl6 DLP and DLP in H^O at 50 " C using X-ray 
Photoelectron Spectroscopy (XPS) 

Method: 

A freshly prepared evaporated gold thin film (lOOOA) on glass with 
chromium under-layer (50 A) was immersed into a vessel containing 
ethanolic solution ImM of compound the vessel thus covering the gold 
electrode. After one hour the electrode was washed with ethanol and dried 
usmg nitrogen gas and measured with XPS. The samples were immersed in 
deionised H^O for Ihr at 50°C and measured again by XPS. The regions of 
interest were Cls. Ols and Au 4f The values quoted below are the averagei^ 
of two measurements on one sample. 



Monolayer 


C% 

before 

after 


o% 

before 
after 


unoiayerj 
ratio((70) 
before 
after 


C16-S-S-C16-DLP 


78.4 


78.9 


21.6 


21.1 


3.63 


3.73 


Cll-S-S-Cll-DLP 


77.7 


77.7 


22.3 


22.3 


3.48 


3.46 


DLP (standard) 


75 


76 


25 


24 


3 


3.16 



Table 2; Ca rbon and Au % (surface coverage) 



Monolayer 


C (area) 
before after 


Au (area) 
before after 


Au/C ratio 

before 

after 


C16-S-S-C16-DLP 


5377 


6012 


20848 


22826 


3.88 


3.80 


Cll-S-S-Cll-DLP 


5511 


5637 


24114 


26751 


4.38 


4.74 


DLP (standard) 


5454 


5319 


47854 


56988 


8.77 


10.7 



f- - ■ i 

I 
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Table 3; - 70 (j» 
Monolayer 


0 (area] 
before 


after 


Au (are 
before 


a) 
after 


Au/O r 
before 
after 


atio 


C16-S-S-C16-DLP 


4015 


4073 


20848 


22826 


5.20 


5.59 


Cll-S-S-Gll-DLP 


4012 


4103- 


24114 


26751 


6.0 


6.52 


1 DLP (standardl 


4635 


4066 


1 47854 


56988 


10.3 


14.0 



Table 1 shows that the ratio between the carbon and oxygen content of 
various DLP's monolayers. The variation is within the experimental error 
5 indicating that the molecules did not disintegrate and if any desorption 

occurred it would be take place in the form of disulfide bond breaking from 
the Au surfece. 

Table 2 . shows a comparison of carbon and Au content of various DLP's 
10 monolayers before and after 50°C ethanol immersion. The result show that 
C16-DLP is the least effected by immersion of HjO at 50 °C, Cll-DLP is 
effected slightly and the greatest effect seen with DLP. 

Table 3. shows a comparison of oxygen content of various DLP's monolayers 
15 before and after 50''C ethanol immersion. The result show that C16-DLP is 
the least effected by immersion of H^O at 50 "C. Cll-DLP is effected slighUy 
and the greatest effect seen with DLP. This suggests that the further the 
monolayer (i.e. the longer molecule) is from the gold surface the more 
protected it remains. 

20 

2.2 Stability of Cll and C16 DLP and DLP in Ethanol at 50 ° C usinR 
XPS 

Method: 

25 Au thin film were sputtered onto Si substrate with Ti interlayer. The 

samples were immersed for ihr at room temperature and measured with 
XPS. Then the samples were immersed in ethanol for ihr at 50° C and 
measured again by XPS. The regions of interest were Cls. Ols and Au 4f. 
The values quoted below are the average of two measurements on one 

30 samplqi 
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Table 4 shows a trend where the sample immersed in ethanol at 5(f C the Au 
percentage m«eased indicatins » desorption of the outer layer. Also, this 
effect appeared to be dependent on the length of the molecules, the longer 
the molecules the less the increase in Au percentage is observed 



Table 5; Ca rbon and 
Monolayer 



len percentage of DLP's mnnolAY^^ 




The ratio of carbon to oxygen is a measuie of monolayer integrity. The ratio 
for each of the monolayer do not changes significantly suggesting that the 
molecules do not disintegrate. oo e 

Table 6 Carbon and gold of DLP's monolayers ^surface coverage) 



Monolayer 


C (area) 
before after 


Au (area) 
before after 


Au/C ratio 

before 

after 


C16-S-S-C16-DLP 


5948 


5807 


22849 


j 23385 


3.84 


4.02 


Cll-S-S-Cll-DLP 


5216 


5163 


24641 


28138 


4.72 


5.5 


DLP fstandard) 


1766 


812 


8176 


4620 


4.63 


5.69 


cl8-thiol 


950 


534 


16017 


10473 


16.9 


19.6 
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Table 7 Oxygen and gold of DLP's monolayers (surface coverage) 



Monolayer 


O (intensity) 
before after 


Au (inta 
before 


insity) 
after 


Au/Or 
before 
after 


atio 


C16-S-S-C16-DLP 


4331 


4165 


22849 


23385 


5.28 


5.61 


Cll-S-S-Cll-DLP 


4212 


4115 


24641 


28138 


5.85 


6.84 


DLP ^standard) 


1 1384 


755 


1 8176 


4620 


5.91 


6.2 
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Example 3 Bilayer: transient 

A freshly prepared evaporated gold thin film (lOOOA) on glass with 
chromium under-layer (50 A) was clamped in a containment vessel. Ten 
microlitres of ethanol solution of compound DLP 1 mM was added mto the 
vessel thus covering the gold electrode. After one hour the electrode was 
washed with ethanol and dried using nitrogen gas. 

Five microlitres of PC lipid mixture in ethanol with ionophore 
valynomicin (200:l)was added to the electrode. The electrode was rinsed 
then three times with 0.5 mL of O.lM saline solution. A transient technique 
was used to measure sensor response. 

A train of potential pulses was applied to the electrode using a 
commercial potentiostat. EG&G 263M Princeton with AMLAB computer 
control data acquisition system (pulse duration 50 msec, delay between 
pulses 950 msec). The currect response of the system was measured before 
and after O.lM potassium challenge. The shape of the current response 
changes upon changes in the concentration of potassium ions. 
The current can be fitted using two exponential function with time constants 
taul and tau2. The electrolyte concentration can be correlated with one of 
the time constant that is related with the membrane conductance. 
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Example 4 Ferritin gating experiments. 
Aim: 

To demonstrate that a ferritin gating response can be achieved with 
membrane systems incorporating Cll-amide gAYY. 

Method: 

1** layer solutions: 

i) AM300 
DLP 
MSLOH 
MAAD 
MSL4XB 
gAYY 

+ 46.9mL EtOH 



lOmM 

ImM 

lOmM 

O.lmM 

O.Olmg/mL 



ISOO^L 
225 ^L 
750nL 
11.25nL 
579nL 



15 



20 



ii) 2,000:1. Cll-DLP/Cll-amide gAYY 
DLP-Cll lOniM 
HS(CH2)ioC02H ^JnM 
Cll-amide gAYY 3.6lnM 

+ 8l5.3^iL EtOH 

iii) 5.000:1. Cll-DLP/Cll-amide gAYY; 
DLP-Cll lOmM 
HS(CH2),oC02H irnM 
Cll-amide gAYY 3.61^M 



25mL 

125viL 

34.7nL 



25taL 

125nL 

138.6^L 



+ 711.4JIL EtOH 
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ct^n^arH. hand ^.^-'^pmbled blocks were used, 



l'* laver formation: j . ^ i 

Fresh slides were obtained from the evaporator and used immedwte y. 
5 SUdestt assen^ied in blodcs and to each cell 40mL of 1- laye, solufon 

;toct were incubated with l" layer solution for - 2 - 3 hours at n=om 
temnerature, whereupon excess solution was removed, and each cell nnsed 

10 by vigorous shaking and blocks inverted and air-dned. 
2**** layer formation: 

5 X 10* / 4 gA-5XB conducting membranes were assembled using 10 mM 
DPEPC:GDPE 7:3.After assembly membranes were challenged with; 
n 5^L, O-lmg/mL Slreptavidin, PBS wash(3x) 
15 ii) 5jiL, 0.05mg/mL anti-Ferritin Fab', PBS wash (3x) 
ii) 100|aL, lOOpM Ferritin 

N.B.: 2 different substrates were used; (i.e. deposition process - evaporation) 
i) polycarbonate / Cr + Au 
20 ii) glass / Cr + Au 
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ronciusion; 



A ferritin gating response can be elicited from membranes assembled 
with Cll-amide modified gAYY. From the 3 different data sets, the 
magnitude of the gating response is comparable to the standard AM300 
system, however there is some variation in the speed of response and imtial 

membrane conductivity. 
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Examples Stability trials testing Cll-amide gAYY. 
Aim: 

To determine whether the inclusion of a Cll-amide modified gAYY improves 
membrane stability upon storage. 

Method: 

1** layer solutions: 
i) "AM300" 



DLP 

MSLOH 

MAAD 

MSL4XB 

gAYY 

+ 807.5nL EtOH 



lOmM 

ImM 

lOmM 

O.lmM 

O.Olmg/mL 



1500 nL 

225mL 

750fiL 

11.25^L 

579^L 



ii) 2,000:1 DLP-Cll/Cll-estergAYY; 



DLP-Cll 
HS(CH2)ioC02H 
Cll-ester gAYY 
+ 46.gmL EtOH 



lOmM 
ImM 

O.Olmg/mL 



25jiL 

125mL 

42.3nL 



iii) 5.000:1, CllDLP/Cll-amide gAYY; 
DLP-Cll lOmM 
HS(CH2)ioC02H ImM 
Cll amide gAYY 3.61nM 



25^L 

125^L 

138.6^L 



+ 711.4HL EtOH 



( 
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Manual assembled blocks were used. 
Substrate: polycarbonate / Cr + Au (Evaporated) 

nCsII^I^s were obtained from the evaporator and used in^diat^^^^ 
Slides were assembled in blocks and to each cell 40^xL of 1^ layer solutxon 

Blocks were incubated with layer solution for - 2 - 3 hours at room 
temperaturf thereupon excess solution was removed, and each cell nnsed 
l;ruX-i* ethanol from a wash bottle. Residual ethanol was removed 
by vigorous shaking and blocks inverted and air-dned. 

Sealed, non-conducting membranes were prepared using lOmM 
15 DPEPC/GDPE 7:3. 

Block, were s»red at room temperature in PBS and the impedance measured 
at O.lHz at periodic intervals. 

20 Results; 

AtfPraf^e d ImP «^f>ance Plots: 

The averaged impedance plots of the test system (i.e. with the 
25 inclusion of Cll-amide gAYY. 5.000:1) and 2 controls; AM300 and a 

niembrane system with Cll-ester analogues only were "^^^^^^^^^^^^^ 
membranes were stored in PBS at room temperature, with the first 7 days 

data being shown. 

The AM300 showed a rapid increase in membrane leakage after 7 
days storage. In comparison, when both the Cll-SH passivity layer and 
aS;: linkages are incorporated into the tethered compo^^^^^^^ 
(i.e. Cll-amide gAYY). the membrane remained well sealed, with no change 
in stability after 7 days storage. 
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Membranes assembled from Cll-ester analogues only showed 
improvement over AM300 but were not as stable as the Cll-amide gAYY 
Similar results were obtained after 3 weeks and 5 weeks storage 



Conclttsion; 



It has been shown that a stable, fully hydrated bilayer membrane can 
be achieved by improving the chemical stability within the reseivoir region 
When membranes are assembled with a Cll-amide modified tethered 
gramicidin, membranes are stable for at least 5 weeks at room temperature 
with no significant loss of sealing ability. 

The inclusion of a passivity layer (Cll-SH tether) improves the Au-S 
attachment, while the introduction of amide linkages are more resistant to 
hydrolysis. These improvements minimise the ability of the tethered 
gramicidin to detach from the substrate surface, allowing it to transfer 
between membrane layers. 

This result represents the most significant advance as it overcomes 
the rapid degradation / leakage associated with the short term stabihty of 
current membrane based biosensor systems. 

The membrane stability with this new architecture may be further 
enhanced by minimising degradation due to mechanical leakage. The use of 
a slide laminate will help to define the cell area in a more controlled manner 
and reduce the likelihood of membrane leakage underneath the teflon inserts 
ot the current block assembly. 

It is also important to note that the membrane stability achieved is in 
the absence of any membrane spanning component in the bilayer. Further 
improvements in stability would most likely be achieved with the inclusion 
Ot a transmembrane lipid. 

It will be appreciated by persons skilled in the art that numerous 
vanations and/or modifications may be made to the invention as shown in 
the specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are. therefore, to 
be considered in all respects as illustrative and not restrictive 



( 

WO 98/S58S4 



32 



(. 

PCT/AU98flJ0423 



Claims:- 

, A membrane based biosensor, the biosensor including an elech^e, a 



A-B-C-D 

15 in which: 



20 
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A is a hydrophobic group of between 2-50 methylene units in length; 
B is a group which spans the ionic reservoir, 

C is a group capable of hydrogen bonding, forming vender Waal's 
in^^ro:^. io'nic bonding or covalent bonding with other molecules 
within the passivaling layer, and 

D is a group which binds to the conducting substrate. 

A membrane based biosensor as claimed In claim 2 in which A is a 
hvdroc^b^nCup of between 2-50 methylene units long, a phy^yl group, 
^ r^rld hydrocarbon of be^^een 2-50 methylene groups long a 
ZZZ^i-^ lipid, an archaebacterial Upid. a lipid hydrocarbon 

r- T.^e^rba~::nsor as claimed in claim 3 . which A is a 
hydrocarbon group or an unsaturated hydrocarbon group of between ».2e 
methylene units long or a gramicidin denvauve. 

- A membmne based biosensor as claimed in any one of claims 2 to 4 
; which bTI oUgoethylene glycol of between . to 20 ethylene glycol umts 

long. 
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6. A membrane based biosensor as claimed in any one of claims 2 to 4 
m whach B is repeating subunits of oligoethylene glycol of between 2 and 6 
ethylene glycol units, the subunits being linked together via ester, amide or 
Other linkages. 

5 7 A membrane based biosensor as claimed in claim 6 in which linkages 
do not promote hydrogen bonding between the groups spanning the 
reservoir. ° 

8 A membrane based biosensor as claimed in claim 6 in which the 
linkages are tertiary amides. 

10 9- A membrane based biosensor as claimed in claim 2 in which C 

mcludes a secondary amide capable of hydrogen bonding with other amides; 
a hydrocarbon group capable of forming van der Waals interactions with 
other hydrocarbon groups, or a polymerisable group. 

. ^ "^^"^brane based biosensor as claimed in claim 9 in which C is a 
saturated hydrocarbon group of between 2 to 50 methylene units long, more 
preferably 8 to 30 methylene units long. 

tHo 1 biosensor as claimed in claim 2 in which D is a 

thiol, disulfide, sulfide, phosphine. silane or carboxylate. 
12. A membrane based biosensor as claimed in any one of claims l to 11 
in which the biosensor includes a plurality molecules of following general 
structure: ° 

C-D 

in which; 

C is a group capable of hydrogen bonding, forming van der Waal's 
interactions, ionic bonding or covalent bonding with other molecules 
within the passivating layer; and 

D is a group which binds to the conducting substrate. 

13. A membrane based biosensor as claimed in claim 12 in which C 
includes a secondary amide capable of hydrogen bonding with other amides; 
a hydrocarbon group capable of forming van der Waals interactions with 
other hydrocarbon groups, or a polymerisable group. 

14. A membrane based biosensor as claimed in claim 11 or claim 12 in 
which C IS a saturated hydrocarbon group of between 2 to 50 methylene units 
long, more preferably 8 to 30 methylene units long. 
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15 A membrane based biosensor as claimed in claim 12 in which D is a 
thiol, disulfide, sulfide, phosphine. silane or carboxylate. 
16. A membrane based biosensor as claimed in claim 2 m which the 
molecule is of the formula:- 




15 



10 where: n = 8 to 16 

m = 1 to 10 
p = 1 to 10 
k = 0 to 10 

R, Ri. R2. R3. R4 = independently H. methyl, ethyl 
L = hydrocarbon such as a phytanyl chain, or other lipidic 

hydrocarbon 

P = a thiol, disulfide, sulfide, or other group for attaching to 
metal surfaces such as gold, platinum, palladium, silver etc; or a 
silane or alkoxy silane or chloro silane for attaching to silica or 

20 metal oxide. 

17 A membrane based biosensor as claimed in any one of claims 1 to 16 
in which the passivating layer has reduced permeability towards water and 
towards ions thus protecting the surface of the conductive substrate from 
destabilising effects due to water or ions. 
25 18 A membrane based biosensor as claimed in any one of claims 1 to 17 
in which the reservoir spanning molecules are atached to the passivahng 
layer via an ester, ether or amide Imkage. preferably by an amide hnkage. 
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most preferably a secondary amide. - 10 

19 A membrane based biosensor as claimed in any one of claims 1 to 18 
in which the reservoir spanning molecules are atached to the lipid membrane 
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via an ester, ether or amide linkage, preferably by an amide linkage, most 
preferably a secondary amide. , ■ 



Wb 98/55854 



PCT/AU#8/00423 



1/5 

Figure 1 
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DLP-C16, n = 15 
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